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INTRODUCTION 
The HRIR filters are widely used in many fields today, for example, some ASMR 
recordings and stereo songs mixing. My function provides a simple HRIR filter that 
could make a mono recording mixed into a stereo, binaural recording with relatively 
accurate positioning using the data of Knowles Electionics Mannequin for Acousitc 
Research (KEMAR). 
 
THE HRTF THEORY 
In 1907, Lord Rayleigh O. M. came out that there are two major factors that are 
needed to describe the human sound localization, which are the interaural time 
difference (ITD) and the interaural level difference (ILD or interaural intensity 
difference IID)[1]. It is assumed that the ITD factor is more dominant for frequency 
below 1,500 Hz, and the ILD factor is more important when frequency is higher than 
1,500 Hz[2]. 
2.1 Interaural Time Difference 
When a plain sound wave meets a human head, the ITD comes out because of the 
different position of two ears. Figure 1 shows that sound always reaches the ipsilateral 
ear earlier than the contralateral one, and it also shows that the extra distance sound 
must go through. 
 
Fig.1 The cause of ITD and the length of the extra distance[3] 
When the wavelength of the sound is bigger than the diameter of the head, the 
diffraction will happen and soundwave is more likely to move close to the surface of 
the head in order to steering clear of the head, so the extra distance can be easily 
calculated: 
d = rsin∅ + r∅ 
So the extra time needed to get to the contralateral ear is: 
tூ்஽ = ݀ܿ =  
1
ܿ  (ݎݏ݅݊∅ + ݎ∅) 
But when the wavelength getting smaller, the diffraction does not take place and 
some aliasing problem occurs. 
2.2 Interaural Level Difference 
The smaller the wavelength becomes, the harder the sound steers clear of the head, 
and thus more and more sound energy will absorb or reflect by the head, causes a 
different sound intensity between two ears. The ILD cannot be accurately calculated, it 
can only be determined by experiment. The ILD is mainly determined by the torso, 
bone and pinnae of human, which means it might differfrom different people, which 
make it much harder to measure and give out an accurate value. The ILD also differs 
from frequency. Figure 2 shows an ILD test result of a person, which presents that a 
higher frequency leads to a higher ILD. 
 
Fig.2 the measured ILD result diagram, the ILD becomes very large at high 
frequency[3]. 
 
ACHIEVE BINAURAL EFFECT WITH MATLAB AND  
CIPIC DATABASE 
3.1 Limitations about the ITD and ILD 
Both ITD and ILD give information about the left-right displacement, but the 
elevation and the front-back placement cannot be given by the two values. When you 
want to present a sound goes out from listener’s back, like the footstep sound of an 
unknown stalker tracing you, neither the ITD nor ILD can demonstrate the footstep on 
the back, because the ITD and the ILD method will make it ambiguous to locate a sound 
precisely, especially the front-back case, which will easily cause confusion. To achieve 
the best binaural effect, we need to find another way. 
3.2 The HRIR approach 
We all know that a system’s transfer function can be presented by its impulse 
response, and any signal goes through the system, the output signal is exactly the 
convolution between the input signal and the transfer function: 
y(n) = ݔ(݊) ∗ ℎ(݊) 
The x(n) is the input signal, h(n) is the transfer function of the system, and the y(n) 
is the output signal. 
In the binaural recording, we could regard the sound source in a certain point and 
the ear as a whole system. If we can get the impulse responses of the system (with both 
ears), we can achieve the binaural effect by simply convolve the input signal with the 
impulse response, and hopefully can get the most accurate sound localization. 
3.3 The CIPIC HRTF Database 
I used the data from CIPIC HRTF Database, which is a public-domain database of 
high-spatial-resolution HRTF measurements for 45 different subjects, including the 
KEMAR mannequin. I used one subject among them, which is a KEMAR mannequin 
with a large pinnae, because I think that a KEMAR mannequin causes less individual 
difference and can draw a more average result which can be accepted by most of people. 
Figure 3 shows the appearance of the KEMAR, including the ears. 
 
Fig.3 the appearance of the KEMAR and the ear[4]. 
The data recorded consists of measurements recorded at 25 different interaural-
polar azimuths and 50 different interaural-polar elevations, which means over 1,000 
data points are recorded in the database to ensure the accurate result[4]. The following 
figure (fig.4) shows the range of data points. One from top, one from side. 
 
                    Fig.4 the range of data points 
3.4 The Matlab function description 
My Matlab function consists of 3 parts: one is the localization function I modified 
from the one provided by the CIPIC, for the angle you input may be not exact the 
recorded point, so we need to find the nearest data point provided by CIPIC database; 
the second part is the main part, which applies the convolution; the last part is the data 
compression part, which compress the output signal in a selected file. The following 
figure shows the whole procedure of my function. 
 Fig.4 the procedure of the whole function 
 
EVALUATION OF THE WHOLE PROJECT 
In personal use, this piece of function will be widely used in personal binaural 
audio mixing, including podcasts and songs remixing. In commercial circumstances, 
my project can also contribute to some mixing that require a high-accuracy sound 
localization, like the stereo soundtrack making for the movie BD and the sound effect 
for songs. It provides a relatively fast, convenient and accurate sound localization and 
could directly output the data type that can defined by YouTube, which means your file 
will not be auto-compressed by YouTube, and can remain its quality. The highly 
customizable input and output selection is also the highlight of my project ------ you 
can define the location by input the angle and elevation, and you can choose the output 
file type (lossy or lossless output). The binaural effect might vary because the condition 
of the head varies, and different people might have a relatively different listening 
experience. What I can only guarantee is the localization of the sound is relatively 
accurate, although it may not be at everybody’s ear level. 
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